We show that the currency risk embedded in the benchmarks of international mutual funds negatively affects fund performance. More specifically, a high benchmark-implied currency risk induces funds to invest in markets with less volatile currencies, leading to a higher degree of currency concentration in portfolio holdings. This currency concentration, however, departs from the optimal equity allocation strategy across countries and reduces fund performance. We document that funds resorting to high currency concentrations underperform funds with low currency concentrations by as much as 1%-2% per year.
I. Introduction
One of the major trends in the global financial market during the 21st century is the dramatic growth in cross-border investments. This unprecedented wave of international investment has been accompanied by large swings in currency movements. Although the impact of currencies on asset prices is widely recognized in the literature and in the public media, little is known about how currency risk affects the investment decisions of portfolio managers in the global mutual fund industry. This ignorance is unfortunate because the common practice of "benchmarking," or the need to follow the investments of the indexes (i.e., benchmarks), may subject mutual funds to tremendous currency risk. More specifically, the base currency of a fund may differ from the base currencies of the stocks of its benchmark. This mismatch results in an embedded currency risk for international funds that invest in overseas assets according to their benchmarks. 1 Perhaps the reason for the scarce attention devoted to this issue is that the embedded currency risk, if priced correctly, should not matter for risk-adjusted * Massa, massimo.massa@insead.edu, INSEAD, Fontainebleau, 77305 Cedex, France; Wang, yanbo.wang@skku.edu, Sungkyunkwan University, Graduate School of Business, Seoul 110-745, Korea; and Zhang, zhangh@pbcsf.tsinghua.edu.cn, Tsinghua University, PBC School of Finance, Beijing 100083, China. The authors thank an anonymous referee, Yakov Amihud, Stephen Brown (the editor), William Goetzmann, Jennifer Huang, Sergei Sarkissian, and Matthew Spiegel for their helpful comments.
1 For example, a "U.S." fund (i.e., a fund catering to U.S. investors and with the U.S. dollar as its base currency) tracking the Asian market is exposed to the fluctuations between the U.S. dollar and Asian currencies in proportion to the weights imposed by the Asian benchmark. This exposure posits a pure burden for the U.S. fund compared with an Asia-based fund tracking the same benchmark. fund performance.
2 In this case, funds can stay with whichever embedded currency risk they face without any real performance impact. Alternatively, funds may use derivatives to financially hedge the risk. In either case, we may expect the embedded currency risk to limit itself to the currency component of the portfolio and to disappear after the relevant risk premium is netted out. The data, however, tell a very different story. The currency risk embedded in the benchmark of an international fund (i.e., the implied currency volatility risk (ICVR) that a fund will face when it strictly follows its benchmark in investing in foreign stocks) has a negative and significant effect on the fund performance in general and equity selection/performance in particular. Based on various models of risk adjustment, as we will specify shortly, we find that funds with high ICVR underperform funds with low ICVR by 88-120 basis points (bps) per year in general and by 80-94 bps in terms of equity performance in particular. The equity impact is especially puzzling because, in principle, equity selection should be orthogonal to embedded currency risk if the risk is fairly priced or easy to hedge.
To explore the possible economic grounds for this puzzling observation, we hypothesize that a high benchmark-implied embedded currency risk may induce funds to tilt their equity portfolio to reduce this risk. For example, to reduce exposure to currency volatility, a fund can withdraw investments from highly volatile currencies and revert to less volatile currencies, leading to excess currency concentration in the portfolio holdings. In the global mutual fund industry, this "operational hedge" (for the lack of a better term) provides an important substitute to derivative-based financial hedges due to regulatory reasons, for instance, because the use of derivatives by mutual funds is restricted in many countries. In addition, operational hedges also have the advantage of the "hedging" effect becoming permanent if the market conditions do not change. By contrast, derivative hedging requires positions to be rolled over periodically. Hence, we expect funds to be more concentrated when their implied currency risk is higher.
However, operational hedges, unlike derivative hedges, may affect equity selection and real performance. Because shifting currency weights may inevitably lead to changes in equity weights, tilting the currency composition imposes constraints on the equity selection component of fund management. For example, reverting to safer currencies induces funds to concentrate their equity portfolios in fewer countries and thus prevents them from achieving equity diversification or from exploiting the optimal equity combination. Consequently, their equity holdings would appear to be suboptimal if they are analyzed from the standard unconstrained mean-variance perspective. Our second hypothesis, therefore, states that currency concentration induced by the need to avoid volatile currencies reduces fund performance.
We test these hypotheses by focusing on a complete sample of international mutual funds over the period from 2001 to 2012. To test the first hypothesis, we link the policy of currency concentration in excess of the style benchmark to currency risk (ICVR). Consistent with our first hypothesis, we find that ICVR is positively related to the policy of currency concentration. More specifically, a 1-standard-deviation increase in ICVR can increase currency concentration by as much as 15% with respect to the standard deviation of currency concentration; this effect is not only statistically significant but also economically sizable. 3 The impact of ICVR is also larger than the impact of other exogenous fund characteristics that may affect currency concentration, such as style complexity, flow uncertainty, and the distance between the location of the stocks and the fund.
Of course, in addition to currency concentration, a fund can also revert to its base currency to reduce currency risk. However, the flexibility of allocations between local and foreign assets is rather limited for international funds. Even when they can revert to their base currency, the motivation to do so can be driven by local information in the equity market (e.g., Coval and Moskowitz (1999) , (2001)) as opposed to currency concerns. In this regard, the reverting-to-base-currency approach is not an ideal currency policy to quantify the equity performance impact of embedded currency risk. Rather, we use this policy as a control in our performance tests to alleviate any suspicion of spurious correlation related to superior information and base currency weight.
We then move on to test the performance impact of the currency policy, as implied by our second hypothesis. To compute fund performance, we apply various risk adjustments to fund total returns, holding-implied fund returns, and its equity component, the last of which is computed by ripping off the return impact of exchange rates from the holding-implied returns. We mainly rely on three nested models for risk adjustment: i) the traditional international capital asset pricing model (ICAPM) (Solnik (1974) , Adler and Dumas (1983) ) based on the Morgan Stanley Capital International (MSCI) World total returns and the Fung and Hsieh (2004) currency factor (MX); ii) a 6-factor model, motivated by Griffin (2002) and Fama and French (2012) , that adds the Fama-French (1992 ), (1993 )-Carhart (1997 4 factors in the domestic market to the ICAPM (MX4); and iii) a 7-factor model that further includes the Lustig, Roussanov, and Verdelhan (2011) carry-trade factor in addition to the MX4 factors (we call it MX4C). Together, these three models (MX, MX4, and MX4C) control for the most important common risk factors known to affect fund performance and currency returns.
Our empirical tests confirm that currency concentration has a negative impact on fund performance. A portfolio analysis shows that the economic impact of currency concentration is approximately 176, 154, and 116 bps per year for MX-, MX4-, and MX4C-adjusted fund total returns, respectively, and 202, 186, and 157 bps per year for MX-, MX4-, and MX4C-adjusted holding-based returns, respectively. This performance impact is further confirmed by a multivariate analysis that explicitly controls for possible confounding effects: a 1-standard-deviation increase in currency concentration is related to a total return performance that is 137, 123, and 103 bps lower per year and a holding-based performance that is 155, 141, and 117 bps lower per year, respectively. The performance impact of the currency concentration policy is both statistically and economically significant.
Thus far, our tests confirm the two working hypotheses that the policy of currency concentration is enacted by funds to manage currency risk and that currency policy negatively affects portfolio performance. To further confirm these conclusions and to offer an economic explanation to understand the puzzling impact of currency risk on fund performance, we examine how much of the performance impact of currency risk is channeled through the currency concentration policy. Thus, we project currency concentration on ICVR and focus on the predicted component (i.e., ICVR-induced currency concentration) to investigate its impact on fund performance.
We find that a significant portion of the reduction in performance is related to the currency concentration induced by the currency risk. More specifically, a 1-standard-deviation increase in ICVR-induced currency concentration is related to a reduction in total return performance of 33, 28, and 22 bps and a reduction in holding-implied performance of 41, 32, and 29 bps for MX-, MX4-, and MX4C-adjusted returns, respectively. These results explain a significant proportion of the impact of ICVR on fund performance and suggest that currency policy indeed channels the influence of ICVR.
Finally, we show that the main impact of currency policies on fund performance is through the equity component of portfolio returns. We reach this conclusion by decomposing fund returns into currency and equity components and by showing that the impact of currency concentration or ICVR-induced currency concentration is mostly on equity performance. In the Internet Appendix (available at www.jfqa.org), we also show that our main results are robust when we control for family and style characteristics.
Overall, we demonstrate that international mutual funds deviate from their benchmarks by enhancing currency concentration when their benchmark implies higher currency risk. This active concentration, however, leads to lower rather than higher performance. If we interpret lower equity performance as the cost of an operational hedge, then this cost is higher than the typical cost in the currency forward market. 4 Meanwhile, although we conclude that operational hedges are a major source of performance reduction for international mutual funds, our tests do not refute the existence of derivative hedges; the lack of data on derivative-related currency-hedging activities makes it impossible for us to draw any conclusions on the latter.
5 However, our results illustrate that the residual impact of currency risk, 4 Discussions with fund managers suggest that forward market hedges could cost approximately 20-40 bps year, which is less than the direct impact of ICVR on equity performance. However, we must interpret this cost with caution. If the total cost of currency hedges is only approximately 20-40 bps per year, large corporations should not be affected significantly by their currency exposure. However, this ideal situation is not what we observe in the market. For instance, an article in Financial Times (Gangahar (2009)) states, "The list of companies that have reported the pinch of currency risk in recent weeks is long and distinguished," including Procter & Gamble, Mattel, Starbucks, McDonald's, Kimberly-Clark, Walmart, and so forth. 5 The survey of Levich, Hayt, and Ripston (1999) shows that currency derivative hedging is rare among portfolio managers. However, we must interpret this result with caution because the survey was conducted some time ago. after netting out all potential derivative hedges and desired currency exposures, is economically significant. This finding confirms that in the global mutual fund industry, the impact of currency risk is not limited to the currency market. Rather, risk exposure in one asset class (i.e., currency) can affect investment decisions and efficiency in a totally different asset class (i.e., equity). Our results, therefore, provide new ground to elucidate the incentives and performance of international mutual funds.
Our results shed new light on delegated portfolio management. For example, the literature illustrates that superior performance can be delivered by closely related managers (Coval and Moskowitz (1999) , (2001), Chen, Hong, Jiang, and Kubik (2013) , Kang and Stulz (1997) , Grinblatt and Keloharju (2001) , and Froot, O'Connell, and Seasholes (2001) ) as well as by the policy of portfolio concentration (e.g., Kacperczyk, Sialm, and Zheng (2005) , Brands, Brown, and Gallagher (2005) ) as a result of better information. The negative relationship between currency concentration and performance is exactly the opposite of the positive relationship between equity concentration and performance found in the literature. This interesting difference suggests that the currency concentration policy is motivated by hedging purposes rather than by superior information.
Our findings also contribute to the literature on the limits of arbitrage (e.g., Shleifer and Vishny (1997) ) because we show how exogenous constraints negatively affect equity choices, effectively preventing funds from achieving optimal trading in the equity market. In other words, the mismatch between the base currency and the currency of investment may tilt investors' equity portfolios in a way that prevents the exploitation of mispricings at the equity level. This mechanism may reduce the efficiency of the equity market by introducing a currency-based limit of arbitrage.
II. Data and Variables Construction
Data on equity mutual funds come from Morningstar International and FactSet/LionShares. Morningstar International has complete coverage of openend mutual funds worldwide starting from the early 1990s. The database is free of survivorship bias because it includes data on both active and defunct funds. The initial sample includes 199,542 primary equity funds and share classes (both active and dead funds). 6 We consolidate multiple share classes into portfolios by adding share class net assets together and by value weighting the share class returns, fees, and turnover ratios based on the share class total net assets (TNAs). The ensuing sample contains 100,238 equity funds (both active and dead funds).
The data set on holdings is the FactSet/LionShares database (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) . This database contains holdings at the stock level for over 35,019 institutions in 144 countries, with positions totaling US$16.31 trillion as of the end of 2012. FactSet/LionShares compiles institutional ownership data from public filings by investors (such as 13-F filings in the United States), company annual reports, stock exchanges, and regulatory agencies from around the world. Institutions are defined as professional money managers, including mutual fund companies, pension funds, bank trusts, and insurance companies. Overall, institutional ownership represents over 40% of the total world stock market capitalization in our sample period. We consider all types of stock holdings (common shares, American depositary receipts (ADRs), global depositary receipts (GDRs), and dual listings). We handle the issue of different reporting frequencies by institutions from different countries by using the latest available holdings update at each quarter end.
We further exclude offshore funds (e.g., a large number of the funds domiciled in Luxembourg), closed-end funds, index-tracking funds, exchange-traded funds, and funds-of-funds based on the fund class specification provided by FactSet/LionShares. We exclude offshore funds because their client location is not well defined (i.e., we do not know their base currency). Next, we hand-match the data set to the Morningstar database and require the mutual funds to have data on TNAs, age, fees, flows, and returns in the Morningstar database. We also require funds to have a valid benchmark (i.e., a benchmark that is followed by at least 10 funds) and at least 2 years of reported returns because we need to estimate fund factor loadings. The benchmarks are from Morningstar ("Prospectus Primary Benchmark"). Finally, we require the funds to be fully invested in equity; that is, the total amount invested in equity should not be lower than 95% of the TNA value.
The final sample includes 5,795 funds in 28 countries (3,543 active funds and 2,252 dead funds as of 2012). Panel A of Table 1 presents the number and TNAs of the sample of mutual funds by country from 2001 to 2012. A total of 3,543 equity funds that manage approximately US$3.65 trillion as of 2012 are included in the sample. Among them, U.S. funds represent 90% of the sample in terms of TNAs but only 66% of the number of funds. Panel B further details the number of funds with valid benchmarks by country and year. We find that the percentage of U.S. funds drops from 79% in 2001 to 59% in 2012, suggesting that the importance of funds domiciled in other countries increased over our sample period. Later sections demonstrate that our results are robust to both U.S. funds and funds from other countries.
The descriptive statistics reported in Panel A of Table 1 further illustrate two prominent patterns related to foreign assets/currencies. First, the mutual funds in our sample hold a significant proportion of their portfolios abroad. In 2008, for example, more than 1,614 funds have at least half of their assets invested in foreign assets. Second, most of the funds have at least one foreign currency in their holding portfolios. Indeed, by the end of the year 2008, one-fourth of the funds hold assets denominated in more than eight foreign currencies. These two observations jointly illustrate the importance of currencies in terms of portfolio management in the global mutual fund industry. To capture the impact of foreign currencies, our final sample focuses on international equity mutual funds that invested 20% or more of their net asset value in foreign assets. Our results are robust to this threshold.
We now describe the main variables that we use in the analysis. We report their summary statistics in Table 2 and provide their detailed definitions in the Appendix. We start with the main currency policy for operational hedges: the Table 1 presents the summary statistics on how mutual funds invest in foreign assets and currencies. Columns 1 and 2 of Panel A report the number of fund domicile countries and mutual funds by year; column 3 summarizes the TNAs of these funds in trillions of U.S. dollars. Only funds with a valid benchmark are included. Columns 4-6 show the number of mutual funds with foreign equity less than 20%, between 20% and 50%, or larger than 50% of their overall equity holdings (in terms of U.S. dollar value). Columns 7-9 report the number of funds that hold 1, between 2 and 8, and more than 8 foreign currencies of stocks in their holdings portfolios. Foreign equity is defined as stocks that are not listed in a fund's domicile country. Foreign currencies are defined as currencies that are not the base currency of a fund. Panel B reports the number of funds by country and year. choice of the degree of currency concentration in the portfolio (CURRENCY CONCENTRATION). For any given portfolio, its currency concentration is defined as the sum of the squared currency investment weights (i.e.,
Panel A. International Mutual Funds
, where w i is the weight of currency i in the portfolio. We then compute the currency concentration of a fund in excess of what would have been required by the benchmark. Note that, for our purposes, currency concentration is defined in excess of the style benchmark. Because the difference between the real holdings of a fund and its benchmark can be considered an active long-short portfolio in the spirit of Cremers and Petajisto (2009) , the net of benchmark currency policies captures managers' real actions in response to currency risk, that is, their actions to avoid volatile currencies that should otherwise be invested in according to their benchmarks. The degree of currency concentration varies drastically across international funds. We control for three types of variables that may affect a fund's currency concentration owing to reasons unrelated to operational currency hedging. The first type concerns the complexity of the benchmark's exogenous currency portfolio, which may lead funds to deviate from their benchmarks. Specifically, we use the natural logarithm of the number of currencies in the benchmark portfolio (BMK CURRENCY NUM) and the existing degree of currency concentration in the benchmark portfolio (BMK CURRENCY CONCENTRATION). The average fund style invests in 28 currencies, with a currency concentration of 0.455.
The second type of control concerns the degree of concentration of the fund's equity portfolio, including industry concentration and stock concentration (Kacperczyk et al. (2005) , Brands et al. (2005) ). Note that we control for concentrations in domestic and foreign equity separately (STOCK CONCENTRATION DOM and STOCK CONCENTRATION FORE, respectively) because concentrations in domestic stocks could be related to information. Stock concentration is defined in a manner similar to currency concentration. For instance, STOCK CONCENTRATION DOM = i∈DOMESTIC STOCK w 2 i , where w i is the investment weight of security i in a given portfolio. Industry concentration is defined based on Kacperczyk et al. (2005) . In addition, we also control for the natural logarithm of the number of stocks in each fund's portfolio (STOCK NUM). The average fund holds 99 stocks in its portfolio and has an overall concentration of 0.084 and a domestic (foreign) concentration of 0.003 (0.081).
The third type concerns the choice of the proportion of the asset value that is invested in the base currency (LOCAL CURRENCY WEIGHT). More specifically, we define local currency weight as the proportion of the fund portfolio invested in the base currency of the fund in excess of what its benchmark requires. As mentioned previously, a reverting-to-base-currency policy could provide limited flexibility for international funds, and such a policy could be motivated by both local equity information and currency risk management. Interestingly, the performance impacts of these two motivations are exactly the opposite of each other: The use of local information leads to better performance, whereas the management of currency risk generates worse performance. Overall, currency concentration, rather than the local currency weight, is the main policy to test the impact of currency risk on equity performance.
Next, we construct the proxy for currency risk: ICVR. This variable measures the currency volatility of the fund due to its style affiliation. ICVR is constructed as the standard deviation of the benchmark currency portfolio return according to the historical foreign exchange (FX) rates and their covariance matrix in the previous 36 months. More specifically, the benchmark currency portfolio of a fund is constructed by replacing the equity investments of the benchmark with cash investments in the corresponding currency of the stock. The currency return-with respect to the base currency of the fund-that could have been generated by these cash holdings in the previous 36 months is then used to compute its standard deviation, which we define as the fund's ICVR. The median ICVR is 1.7%, and ICVR can reach as high as 3.7% at its 90th percentile. Such a variation implies that some mutual funds are indeed exposed to currency risk owing to the mismatch between the currencies of the benchmark portfolios and their own base currencies. All the independent variables are further adjusted in the regressions by their benchmark averages.
Although ICVR is the main independent variable that affects currency concentration and fund performance, other variables, such as flow uncertainty and the distance between the location of the stocks and the fund, may also affect currency concentration for very different economic reasons, such as fire-sale pressure and superior information (Coval and Stafford (2007) ). We therefore construct and explicitly control for these variables. More specifically, we build on the literature to construct proxies for geographic distance (Sarkissian and Schill (2004) ), cultural distance (Grinblatt and Keloharju (2001) ), industry distance (Sarkissian and Schill (2004) ), and economic distance (Kang and Stulz (1997) , Dahlquist and Robertsson (2001) ). For each distance measure, we compute the distance between a fund and its benchmark holdings as the benchmark holdings' value-weighted average of the distance between the benchmark stocks and the domicile country of the mutual fund. In general, a higher value for "distance" indicates that the fund and its benchmark holdings are less connected or further away from each other. Distance defined based on benchmark weights is exogenous to fund choices.
The proxies for flow uncertainty are negative fund outflows (FUND NEG OUTFLOW) and the correlations between fund flows and FX returns (FUND CORR FLOW FX). The negative fund outflows variable at time t is constructed as the ratio between the dollar outflows at time t divided by the TNAs of the fund at time t − 1. We keep the negative signs. The correlation between the fund flows and the FX returns is the correlation between a fund's monthly flow/TNA ratio and the return of the currencies in which the fund invests, weighed according to the benchmark investment weights. For each month, the correlation is constructed by using the prior 12 months of available data.
7 A positive correlation means that outflows or fire sales occur when the foreign currencies in which the fund should invest have negative returns on average; that is, they depreciated against the base currency of the fund. Both the negative fund outflows and the correlation between the fund flows and the FX returns are defined in excess of the benchmark.
Finally, we also control for general fund characteristics, including the annual expense ratio (FUND FEE), the annual turnover ratio (FUND TURNOVER), the age of the fund (FUND AGE), and fund size (FUND TNA). The last two variables are the natural logarithm of the years of operation since inception and the TNAs in U.S. dollars. All the fund characteristics are lagged by one quarter. The average annual expense ratio and turnover ratio are 1.52% and 128.6%, respectively. Huang, Sialm, and Zhang (2011) report an average annual expense ratio and turnover ratio of 1.28% and 90%, respectively, for actively managed domestic U.S. equity funds, suggesting that international funds are typically more expensive and active than U.S. funds (the two ratios are 1.27% and 94%, respectively, for active U.S. equity funds in our sample). The average age and TNAs by the end of 2006 are 17.54 years and US$1.38 billion, respectively, in the study by Huang et al. (2011) compared with 12 years and US$0.56 billion, respectively, in our sample in the same year. Our main tests exclude small funds with TNAs below $2 million. As mentioned previously, all the independent variables are adjusted by their benchmark averages.
We now describe the alternative measures of performance that we use. First, we compute fund total returns, holding-based returns, and the equity and currency components of the holding-based returns for each fund on the basis of its most updated holdings information. Fund total returns are the monthly fund returns reported by Morningstar; we compound the monthly returns into quarterly returns to match the frequency of the holdings data for our main analyses. When a portfolio has multiple share classes, we compute its total return as the TNAweighted return of all share classes of the portfolio, where the TNA values are 1-period lagged.
Following the convention in the literature (e.g., Kacperczyk and Seru (2007) ), monthly holding-based returns are computed from the most updated holdings information as the value-weighted returns of the stocks in the portfolio denominated in the base currency: n ξ FUND n,t−1 × (1 + r n,t ) × (1 + δ FC n,t ), where ξ FUND n,t−1 is the investment weight of the fund and its benchmark in stock n, r n,t is the return of the stock in the base currency of the stock, FC n is the foreign currency of stock n, and δ FC n,t is the return (appreciation) of the base currency of the stock compared with the base currency of the fund. The equity component of the portfolio return is defined as n ξ FUND n,t−1 × (1 + r n,t ), which represents the stock return that the portfolio would have had if the currency returns were removed (i.e., completely hedged) from the holding-based returns. The difference between the holding-implied return and its equity component then represents the impact of currency risk.
Next, we consider various adjustments for risk. We rely on three nested models for risk adjustment. The first model (MX) is the traditional ICAPM, which is based on the MSCI World total returns and the Fung and Hsieh (2004) currency factors. The inclusion of currency risk factors is consistent with the "international" asset pricing models (e.g., Solnik (1974) , Adler and Dumas (1983) ). The second model (MX4) adds the Fama-French (1992 ), (1993 )-Carhart (1997 4 factors in the domestic market to the previous model because domestic factors are known to affect asset returns in the global market (e.g., Griffin (2002) , Fama and French (2012) ). Finally, given the importance of carry trades in the currency market, the third model (MX4C) further includes the Lustig et al. (2011) carry-trade factor on top of the MX4 factors. 8 We then apply these models to compute the fund performance from the three measures of fund returns (i.e., fund total returns, funds' holding-implied returns, and the equity component of holding-implied returns). More specifically, we compute fund performance as the difference between the fund returns and the realized risk premium, which is estimated as the realized factor return multiplied by the risk exposure of the funds estimated over the full sample period. The methodology of using the full sample factor loadings for cross-sectional, risk-adjusted return tests follows that of Black, Jensen, and Scholes (1972) , Fama and French (1992) , and Lettau and Ludvigson (2001) and allows us to obtain better estimates of the risk coefficients. We find that the performances of international mutual funds are widely distributed, which motivates us to explore the factors that may affect fund performance in later sections.
III. The Impact of Currency Risk on Fund Performance
We start by reporting the seemingly puzzling relationship between fund performance and lagged currency risk (ICVR) in Table 3 . To do so, we rank the funds in each quarter according to their lagged currency risk and sort them into terciles. Then, we trace the average returns of all the funds in these terciles and report the out-of-sample, long-run performance that these funds can achieve.
TABLE 3
Performance Impacts of Currency Risks Table 3 reports the out-of-sample performance of funds sorted by their ICVRs. In each quarter, funds are sorted into three terciles according to their ICVRs in the previous quarter. We then trace the average return of all the funds in these terciles over our entire sample period and report the out-of-sample, long-run performance that these funds can achieve. Columns 1-3 present the results for total returns from Morningstar, columns 4-6 report the results for the holding-implied returns, and columns 7-9 report the results for the equity component of returns. In each block, MX adjusts fund performance by the traditional ICAPM, MX4 adds the Fama-French (1992 ), (1993 )-Carhart (1997 4 factors in the domestic market to the ICAPM, and MX4C includes the Lustig et al. (2011) carry-trade factor on top of the MX4 adjustment. The lines labeled "High," "Medium," and "Low" report the out-of-sample quarterly performance (in %) of funds with high, medium, and low ICVRs, respectively. The final line, "High − Low," displays the risk-adjusted return difference between the high and low tercile of funds. t-statistics are reported below in parentheses. * and ** indicate significance at the 5% and 1% levels, respectively. Columns 1-3 of Table 3 present the results for total returns from Morningstar, columns 4-6 report the results for the holding-implied returns, and columns 7-9 report the results for the equity component of holding-implied returns. For each type of fund return, we further make risk adjustments based on the three nested models (MX, MX4, and MX4C). The lines labeled "High," "Medium," and "Low" report the long-term performance of funds with high, medium, and low ICVR, respectively. The final line, "High − Low," displays the risk-adjusted return difference between the high and low terciles of funds.
FUND
The results show a strong and statistically significant negative relationship between currency risk and fund performance. More specifically, the long-term performance difference between funds with high and low currency risk can be as high as 104, 120, and 92 bps per year for MX-, MX4-, and MX4C-adjusted fund total returns, respectively, and 99, 106, and 88 bps per year for MX-, MX4-, and MX4C-adjusted holding-based performance, respectively; within the results for holding-based performance, 91, 94, and 80 bps per year can be directed to the equity component for MX-, MX4-, and MX4C-adjusted holding-implied returns, respectively. 9 We also verify that this negative relationship is robust in multivariate regressions (the Internet Appendix tabulates the results).
The most striking observation is that the impact of ICVR is not only robust and significant but also concentrated in the equity component of fund performance. As we argued, the impact of currency risk on equity returns is unexpected when traditional asset pricing models are used. However, this result may be explained by our two hypotheses through the intermediary channel of operational hedges. Hence, we move on to explicitly test the channel and our two hypotheses.
IV. Operational Hedging

A. Hedging Policy
We now focus on the main operational hedging policy (i.e., currency concentration) and study its relationship with currency risk. We therefore regress currency concentration on ICVR and a set of control variables:
where CURRENCY CONCENTRATION f ,t+1 is the currency concentration of fund f in quarter t + 1, ICVR is the measure of currency volatility risk, DIST is one of the four proxies for distance between the fund and its benchmark stocks, and FLOW UNC is the proxy for flow uncertainty. The vector X stacks all the control variables, including the fund's fees, age, TNA, turnover, industry concentration, and degree of concentration in domestic stocks and foreign stocks, as well as the number of stocks in its portfolio, the number of currencies in its style benchmark, and the degree of currency concentration of its style benchmark. We report the results in Table 4 . Models 1-4 perform Fama-MacBeth (1973) analyses, and models 5-8 tabulate pooled panel regressions with fixed fund and year effects and estimation errors clustered at the fund level. A strong positive relationship is found between currency risk and currency concentration. In the full-fledged models (models 4 and 8), a 1-standard-deviation increase in ICVR increases currency concentration by 15% (14%) in the case of the Fama-MacBeth (pooled) specification. This result suggests that funds are averse to currency volatility and that they try to avoid the troublemakers (i.e., currencies that contribute the most to benchmark-implied currency volatility). Currency risk management is implemented by tilting the equity portfolio to meet currency hedging goals (i.e., operational hedging).
TABLE 4
The Formation of Currency Policies (first-stage regressions) Table 4 presents the results of the first-stage regressions between currency policies and proxies for information, flow uncertainty, and currency risk. CURRENCY CONCENTRATION f ,t+1 = α + β 1 ICVR f ,t + β 2 DIST f ,t + β 3 FLOW UNC f ,t + β 4 X f ,t + f ,t , where CURRENCY CONCENTRATION f ,t+1 is the currency concentration of fund f in quarter t +1, ICVR is the measure of currency volatility risk, DIST is one of the four proxies for distance between the fund and its benchmark stocks, and FLOW UNC is the proxy for flow uncertainty. The vector X stacks all the control variables, including the fund's fees, age, TNA, turnover, industry concentration, and degree of concentration in domestic and foreign stocks, as well as the number of stocks in each fund's portfolio. We also include the benchmarked currency number (BMK CURRENCY NUM) and currency concentration (BMK CURRENCY CONCENTRATION). t-statistics are reported below in parentheses. * and ** indicate significance at the 5% and 1% levels, respectively. Among the control variables, we also find a significant positive correlation between cultural distance and currency concentration. A 1-standard-deviation increase in distance is related to a 10% (10%) higher currency concentration in the case of the Fama-MacBeth (1973) (pooled) specification. Additionally, a strong negative correlation is found between the (signed) outflows and the correlation of flows and FX and currency concentration. An increase of 1 standard deviation in the expected monthly outflows, that is, outflows become more negative (correlation of flows and FX), is related to a 1.0% (1.1%) higher currency concentration. In addition, equity concentration, both in domestic and foreign stocks, is also positively related to currency concentration. This result is expected because concentration in a limited number of stocks has a direct impact on currency choice. A 1-standard-deviation increase in the domestic stock concentration, for instance, leads to a 0.74% (0.67%) increase in currency concentration in the case of the Fama-MacBeth (pooled) specification. Industry concentration, by contrast, is negatively correlated with currency concentration, suggesting that from a manager's perspective, cross-industry and cross-country (currency) investment may be regarded as substitutes in achieving diversification.
Although it is not surprising that the policy of currency concentration can also be affected by these benchmark currency characteristics and equity policies, we notice that currency risk is by far the most important driving force of the policy. Hence, these results are largely consistent with our working hypothesis: Operational hedging is affected by the degree of currency uncertainty induced by the funds' style affiliation.
B. Portfolio Analysis
We now test our second hypothesis by directly linking operational hedging policies to fund performance. As we have argued, if currency concentration represents a way to hedge currency risk, it should constrain stock selection and thus reduce equity performance. To verify this hypothesis, we perform both an out-ofsample portfolio analysis and a multivariate analysis that controls for alternative policies and fund characteristics, as defined in the previous section.
We start with the portfolio analysis. In each quarter, we rank the funds according to their currency policies and sort them into terciles. Then, we compute the average return of all the funds in these terciles and use various models to adjust the risk. Finally, we report the long-term performance of the 3 terciles of funds in Table 5 . The layout is similar to that of Table 3, in that columns 1-3, 4-6, and 7-9 present the results for total returns from Morningstar, holding-implied returns, and the equity component of holding-implied returns, respectively. The lines labeled "High," "Medium," and "Low" report the long-term performance of funds with high, medium, and low currency concentrations, respectively. The line "High − Low" displays the risk-adjusted return difference between the high and low terciles of funds.
The results show a strong and statistically significant negative relationship between currency concentration and fund performance. The economic impact of the currency concentration policy (computed in the same way as in Table 3 ) is approximately 176, 154, and 116 bps per year for total returns and 202, 186, and Single-Sorted Performance Impacts of Currency Concentration Table 5 reports the performance of funds sorted by currency concentrations. In each quarter, the funds are sorted into 3 terciles according to their currency concentrations in the previous quarter. We then trace the average return of all the funds in these terciles over our entire sample period and report the out-of-sample, long-run performance that these funds can achieve. Columns 1-3 present the results for total returns from Morningstar, columns 4-6 report the results for the holding-implied returns, and columns 7-9 report the results for the equity component of returns. The lines labeled "High," "Medium," and "Low" report the out-of-sample quarterly performance (in %) of funds with high, medium, and low currency concentrations, respectively. The final line, "High − Low," displays the risk-adjusted return difference between the high and low terciles of funds. t-statistics are reported below in parentheses. * and ** indicate significance at the 5% and 1% levels, respectively. 157 bps per year for holding-based performance in the case of the MX-, MX4-, and MX4C-adjusted returns, respectively. Figure 1 visualizes the return and alpha time series that are generated by funds with high and low currency concentrations. In particular, each quarter, the funds are sorted into three terciles according to their currency concentrations. We then plot the accumulated fund performance for high-and low-tercile funds.
FUND
FIGURE 1
Performance of Tercile Funds Sorted by Currency Concentration
In each quarter, funds are sorted into 3 terciles according to their lagged currency concentration. We then plot the outof-sample accumulated fund performance (MX-, MX4-, and MX4C-adjusted total returns) for the funds in the terciles with high and low currency concentrations.
available at http:/www.cambridge.org/core/terms. http://dx.doi.org/10.1017/S0022109016000284 Downloaded from http:/www.cambridge.org/core. Tsinghua University, on 14 Dec 2016 at 01:41:27, subject to the Cambridge Core terms of use, To save space, we depict only the total return-based performance (MX, MX4, and MX4C) here; for the holding-based performance plots, see the Internet Appendix. If low-currency-concentration funds outperform high-currency-concentration funds, as reported in Table 5 , we would expect the performance gap between the two types of funds to increase (and become wider) over time. The figure clearly shows such a pattern, which further confirms the underperformance of high-concentration funds.
C. Multivariate Analysis
We now consider a multivariate analysis. We relate out-of-sample fund performance to funds' currency policies and a set of fund-level control variables in quarterly Fama-MacBeth (1973) regressions and report the results in Table 6 .
In Panel A of Table 6 , the dependent variable is quarterly fund total returns (in percentage) adjusted by the three nested models. The difference between
TABLE 6
Performance Impacts of Currency Concentration in Fama-MacBeth Regressions Table 6 reports the performance impact of currency concentration according to Fama-MacBeth (1973) regressions. In Panel A, we regress MX-, MX4-, and MX4C-adjusted quarterly Morningstar total returns (in %) of the funds on the lagged currency concentration and the lagged control variables and tabulate the time-series averages of the cross-sectional parameters as well as their Newey-West (1987) t-statistics (reported below in parentheses) with 5 lags. Panel B reports the result of the holding-implied returns. Panels C and D report the results of similar tests using the U.S. and non-U.S. subsamples for the Morningstar total returns and holding-implied returns, respectively. * and ** indicate significance at the 5% and 1% levels, respectively. models 1-3 and models 4-6 is that models 1-3 control for local currency weight and fund characteristics, including fees, turnover, age, and TNA, whereas models 4-6 further control for the characteristics of the equity holdings of funds, including the number of stocks, the industry concentration, and the degree of concentration in domestic and foreign stocks. For each model, Panel A tabulates the timeseries averages of the cross-sectional parameters and their Newey-West (1987) t-statistics with 5 lags (to control for the potential seasonality in quarterly regressions; our results are robust to the choice of lags). In Panel B, we report similar statistics for the risk-adjusted, holding-implied returns. To save space, however, we tabulate only the coefficients for the main variables in Panel B (and in later tables). The full specifications of the regression parameters can be found in the Internet Appendix.
The results are consistent with the previous portfolio analyses and show a strong and significant correlation between currency policies and fund returns.
In models 4-6, a 1-standard-deviation increase in currency concentration is related to a total return performance that is 137, 123, and 103 bps lower and a holding-based performance that is 155, 141, and 117 bps lower for MX-, MX4-, and MX4C-adjusted returns, respectively.
10 Hence, the negative performance impact of currency concentration is not only statistically significant but also economically relevant.
Furthermore, we conduct a series of additional analyses related to the negative performance impact of currency concentration. We first plot, in Figure 2 , the time-series variation of the quarterly Fama-MacBeth (1973) regression coefficients of currency concentration from models 4-6 of Panel A. The plots show that the performance impact of currency concentration is generally negative. One notable exception occurs in the third and fourth quarters of 2008, during which concerns regarding the global financial crisis may dominate currency considerations. Nonetheless, the overall impact of currency concentration is clearly negative in most quarters across all the performance measures. Next, because the majority of the funds are U.S. domiciled, we also conduct robustness checks to explore whether the impact of currency policy arises from U.S. funds only. Panels C and D of Table 6 , therefore, apply the previous analyses of Panels A and B to the subsamples of U.S. and non-U.S. funds, respectively. To save space, we tabulate side by side only the subsample regression coefficients corresponding to those from models 4-6 of Panels A and B: columns 1-3 for U.S. funds and columns 4-6 for non-U.S. funds. Subsample regressions based on models 1-3 of Panels A and B yield similar conclusions. The results show that the performance impact of currency concentration prevails in both U.S. and non-U.S. funds, although the magnitude of the performance impact is greater for U.S. funds.
Finally, Table 7 explores the general impact of currency concentration on equity performance. The layout is similar to that of Panel B of Table 6 , except that we focus on the equity component of holding-implied returns rather than the holding-implied returns. The results are consistent with the previous results and show that a strong negative relationship exists between equity performance and currency concentration. A 1-standard-deviation increase in currency concentration is related to a reduction in MX-, MX4-, and MX4C-adjusted equity performance of 131, 120, and 108 bps, respectively. The magnitude of the impact is on par with that reported in Table 6 , confirming that the performance impact of ICVR is mainly achieved through the equity channel.
TABLE 7
Equity Component of Fund Performance Table 7 reports the impact of currency policies on the equity component of fund performance. Specifically, similarly to Table 6 , MX-, MX4-, and MX4C-adjusted equity returns (quarterly performance, in %) are regressed period by period on currency concentration and a set of control variables. We report the time-series averages of the cross-sectional regression parameters and their Newey-West (1987) adjusted t-statistics (reported below in parentheses) for the main policies. * and ** indicate significance at the 5% and 1% levels, respectively. In addition to these analyses, we also find that the negative correlation between performance and currency policies is robust when we use panel specifications and when we control for family or style affiliations. The Internet Appendix provides the details of these analyses.
V. Currency Risk, Hedging Policies, and Performance
We can now combine the different pieces of the analyses and provide an integrated view. We have shown that currency risk affects portfolio performance (Section III). We have identified one main operational hedging policy (i.e., currency concentration) that has been used to manage such risk, and we have demonstrated that this policy reduces fund performance in general and equity performance in particular (Section IV). We can now determine whether this policy provides an important channel through which currency risk negatively affects fund performance.
More specifically, using a 2-stage specification, we can project currency concentration on ICVR and focus on the predicted component to examine the extent to which the impact of currency risk on performance is specifically channeled through currency concentration. As a "placebo" test, we also perform the same projection based on cultural distance (the proxy that has the second largest explanatory power (after ICVR) in Table 3 ). Hence, we project currency concentration on ICVR and cultural distance to decompose currency concentration into components due to ICVR, cultural distance, and other factors (the residual). Then, we investigate which components have the explanatory power for fund performance.
We report the out-of-sample performance impact of various components of currency policies in Table 8 . Panel A focuses on total returns, whereas Panel B focuses on holding-based returns. In each panel, the fund performance is again adjusted by using MX in models 1 and 4, MX4 in models 2 and 5, and MX4C in models 3 and 6. In the case of total returns, our main finding is that a 1-standarddeviation increase in ICVR-induced concentration can reduce fund total return performance by 33, 28, and 22 bps per year and holding-implied return performance by 41, 32, and 29 bps per year for MX-, MX4-, and MX4C-adjusted returns, respectively. These results not only are statistically significant but also explain a significant proportion of the total impact of ICVR on fund performance, as documented in Table 3 . By contrast, the "placebo" test suggests that distance does not affect fund performance through the channel of currency concentration. This result is logical because distance, if it is related to superior equity information, should mostly affect performance through equity policies, not currency policies.
In addition to ICVR, the residual also absorbs a quite significant proportion of negative fund performance through the channel of currency concentration. This result is not surprising for two reasons. First, we projected only a linear impact of ICVR on currency concentration. Any nonlinear effect could be captured by the residual. Hence, we do not expect the linearly projected currency policy to fully explain the return impact of ICVR. Second, ICVR, although important, is only one type of currency risk that may incentivize operational hedging. Other types of currency risk, such as catastrophic risk (e.g., Burnside, Eichenbaum, Kleshchelski, and Rebelo (2011) ), and exogenous characteristics may also constrain currency concentration. The overall results, however, clearly demonstrate that the policy adopted to address currency risk is highly responsible for the impact of currency risk on performance.
Finally, we also decompose the equity performance impact of currency concentration into the impact related to currency risk and the other possible explanations and report the results in Panel C of Table 8 . The results show that the ICVRrelated component of currency concentration is strongly related to the equity component of performance. In particular, a 1-standard-deviation change is related to a reduction in MX-, MX4-and MX4C-adjusted equity performance of 37, 27, and 24 bps, respectively. Again, the economic magnitude is on par with that reported in the previous two panels, confirming that currency risk mainly affects equity returns through the policy of currency concentration. In addition, the "placebo" test on cultural distance fails to detect a significant impact through this channel.
Overall, these results show that the need to concentrate on a limited number of currencies directly affects fund performance. This effect is sizable and is mainly achieved through the equity portion of the portfolio. That is, the currency policy conditions the choice of stocks in a suboptimal manner and reduces fund performance.
TABLE 8
Performance Impacts of Currency Policies (2-stage regressions) Table 8 reports the out-of-sample performance impact due to various components of currency policies. Specifically, in Panel A, we project currency concentration on ICVR and cultural distance to decompose currency concentration into components due to ICVR, cultural distance, and other factors. Similarly to Table 6 , we then regress, in a panel specification, MX-, MX4-, and MX4C-adjusted quarterly Morningstar total returns on various components of currency concentration and lagged control variables. We control for the time fixed effect and estimate the error clustered at the fund level. We report the regression parameters as well as the t-statistics (reported below in parentheses) for different components of currency concentration and tabulate the parameters for other control variables in the Internet Appendix. Panels B and C report the results for holding-implied returns and the equity component of returns, respectively. * and ** indicate significance at the 5% and 1% levels, respectively. 
VI. Conclusion
We study the determinants of currency management in international equity funds and their implications for fund performance. To rationalize the surprising finding that currency risk reduces equity performance, we hypothesize that the combination of base currency and style affiliation creates constraints for international funds. To be more specific, funds with highly embedded currency risk from their benchmarks tend to invest in markets with less volatile currencies, leading to a currency concentration in portfolio holdings. However, this currency concentration departs from the optimal equity allocation strategy across countries and may reduce fund performance.
We test this hypothesis by using a worldwide sample of mutual funds. We show that higher embedded currency risk (ICVR) leads to higher currency concentration and that higher currency concentration is typically related to lower fund performance. Furthermore, we confirm that currency risk can lead to lower equity performance through the channel of currency concentration.
Overall, we document that the effect of currency risk and a management policy of currency concentration is not limited to the currency market. Rather, it extends to the equity market and affects the equity choice/performance of international funds. These results shed initial light on the complicated determinants of currency management for international mutual funds and their implications for fund performance.
Appendix. Variable Definitions 1. Implied Currency Risk
Implied Currency Volatility Risk (ICVR): The standard deviation of the benchmark currency portfolio return of a fund. The benchmark currency portfolio of a fund is constructed by replacing the equity investments of a fund's benchmark with cash investments in the corresponding currency of the stock. The currency return (with respect to the base currency of the fund) that could have been generated by these cash holdings in the previous 36 months is then used to compute its standard deviation, which we define as the fund's ICVR.
Distance between a Fund and Its Benchmark Portfolio (DIST; further details in the Internet Appendix)
GEOGRAPHIC DISTANCE: The benchmark holdings' value-weighted average of the geographic distances (defined in Sarkissian and Schill (2004) ) between the benchmark's stocks and the mutual fund's domicile country. INDUSTRY DISTANCE: The benchmark holdings' value-weighted average of the industry distances between the benchmark's stocks and the mutual fund's domicile country. CULTURAL DISTANCE: The benchmark holdings' value-weighted average of the cultural distances between the benchmark's stocks and the mutual fund's domicile country. CULTURAL DISTANCE = 0 if either of the languages of the two countries (i.e., the stock listing country and the fund's domicile country) are the same or the two countries had a colony relationship, and 1 otherwise. ECONOMIC DISTANCE: We first define economic proximity as the percentage of the stock listing country's exports going to the fund's domicile country and economic distance as the negative of economic proximity. Finally, we compute fund economic distance as the benchmark holdings' value-weighted average of the economic distances between the benchmark's stocks and the mutual fund's domicile country.
Fund Flows Uncertainty (FLOW UNC)
FUND NEG OUTFLOW: The sum of all the monthly outflows of a fund in the prior 12 months, scaled by the average TNAs of the prior 12 months. We keep the negative signs for outflows and outflows/TNA ratios. FUND CORR FLOW FX: The correlation between the monthly flows/TNA ratio of a fund and the return of the currencies in which the fund should invest if it were following its benchmark's investment weights in the prior 12 months. The correlation is between the monthly flow ratio and the currency returns. In contrast to the outflow ratio, the flow ratio is (flows in that month)/(TNA in that month).
Other Currency Control Variables
BMK CURRENCY NUM: The natural logarithm of the number of currencies in the benchmark portfolio. BMK CURRENCY CONCENTRATION: The sum of the squared currency investment weights according to the benchmark portfolio followed by a fund (i.e., For all of the previous measures (i.e., MX, MX4, and MX4C), risk-adjusted returns for funds are defined as fund returns less the productions between its factor betas multiplied by the realized factor values in a given month; that is, αf,t = rf,t − β × Xt, where rf,t is the return of fund f in month t, Xt is the realized factor return in the sample month, and β is the factor loading of the fund estimated over the whole sample period.
Currency Policies (defined relative to their benchmarks)
LOCAL CURRENCY WEIGHT: Benchmark-adjusted, base-currency investment weight.
It is computed as the base-currency investment weight of a fund less the corresponding weight of its benchmark. CURRENCY CONCENTRATION: Benchmark-adjusted currency concentration. It is computed as the sum of the squared currency weights less the sum implied by its benchmark.
